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ABSTRACT 

Super-luminous supernovae have a tendency to occur in faint host galaxies which are likely to have 
low mass and low metallicity. While these extremely luminous explosions have been observed from 
z = 0.1 to 1.55, the closest explosions allow more detailed investigations of their host galaxies. We 
present a detailed analysis of the host galaxy of SN 2010gx (z = 0.23), one of the best studied super- 
luminous supernovae. The host is a dwarf galaxy (M g = —17.42 ± 0.17) with a high specific star 
formation rate. It has a remarkably low metallicity of 12 + log (O/H) = 7.5 ± 0.1 dex as determined 
from the detection of the [OIII] A4363A line. This is the first reliable metallicity determination of 
a super-luminous supernova host. We collected deep multi-epoch imaging with Gemini + CMOS 
between 200 — 550 days after explosion to search for any sign of radioactive 56 Ni, which might provide 
further insights on the explosion mechanism and the progenitor's nature. We reach griz magnitudes of 
m AB ~ 26, but do not detect SN 2010gx at these epochs. The limit implies that any 56 Ni production 
was below that of SN 1998bw (a luminous type Ic SN that produced around OAMq of 56 Ni). The low 
volumetric rates of these supernovae (~ 10 -4 of the core-collapse population) could be qualitatively 
matched if the explosion mechanism requires a combination of low- metallicity (below 0.2 Zq), high 
progenitor mass (> 60 M Q ) and high rotation rate (fastest 10% of rotators). 
Subject headings: Supernovae: general — Supernovae: individual (SN 2010gx) 



1. INTRODUCTION 

Recently, the new generation of wide-field sur- 
vey projects, such as the Panoramic Survey Tele- 
scop e And Rap i d Re sponse System (Pan-STARRS- 
1) (jKaiser et al.l I2010D an d the Palomar Transient 
Factory (PTF) (|Rau et al.l I2009D . have carried out 
searches for su p ernoy ae without an inherent galaxy bias. 
IQuimbv et al.l (|2011[ ) identified a class of hydrogen- 
poor "super-luminous supernovae (SLSNe)" with typ- 
ical g— band absolute magnitudes of around —21.5 , 
which is 10 to 100 times brighter than normal core- 
collapse SNe. Their intrinsic brightness has allowed 
them to be discovere d in the Pan- STARRS! survey be- 
tween z = 1 — 1.55 dChomiuk et al.l 1201 ll : iBerger et al.1 
12012ft . iPastorello et al.1 (|2010t ) studied one of the clos- 
est examples, SN 2010gx (z = 0.23), in detail show- 
ing it to transition to a normal type Ic SN at 40 
days after peak, while multi-colour photometry rules 
out 56 Ni as powering the peak magnitude. Two phys- 
ical me chanisms for SN 2010gx (and th e supernovae like 
it from IQuimbv et al.l : IChomiuk et al.l ) have been pro- 
posed. One is that the type Ic SN is boosted in lumi- 
nosity by energy depos ition from magnetar spin down 
(|Kasen k B ildstcn 2010?). T he second is the shock br eak- 
out through a dense wind ([Chevalier k Irwinl 120 lift , or 
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shock- interaction of the SN eject a with massive C-0 
s hells (iBlinnikov k Sorokinal l2010D. 

iNeill et al.l ([2011D showed that most SLSNe tend to 
occur in star-forming dwarf galaxies, which have high 
specific star formation rates. Their intrinsic rate is 
10~ 8 Mp c~ 3 year~ 1 ; or 10~ 4 of the normal co re-collapse 
SN rate (IQuimbv et al.l [20111: IGal Yam|[2l5T2[ ). However 
beyond this we lack information on their explosion sites 
and what the progenitor star population may be. An im- 
portant question is whether or not the apparent prefer- 
ence they have for dwarf host galaxies is related to requir- 
ing low metallicity progenitor stars. As low metallicity 
affects stellar structure and evolution through changes 
in stellar winds, opacity and rotation, quantitative mea- 
surements are required. In this letter we study the host 
galaxy of one of the nearest SLSNe, SN 2010gx, and 
search for evidence of late emission from radioactive 56 Ni 
decay. 

2. OBSERVATIONS 

We used Gemini South and North Observatories with 
Gemini Multi-Object Spectrograph (GMOS) to collect 
griz photometry between 200 — 550 days after the max- 
imum of SN 2010gx (Table 1). To check for the pres- 
ence of residual supernova flux at 200 — 350 days after 
peak, we aligned and rescaled all images to the same 
pixel grid using IRAF/geomap and GEOTRAN packages 
and made the assumption that the final image taken in 
January 2012 only contains flux from the host galaxy. 
We performed imaging subtraction using the High Or- 
der Transform of PSF ANd Template Subtraction (hot- 
PANTS) software 0, to subtract the January 2012 images 

6 http:/ /www. astro. washington.edu/users/becker/hotpants. html 
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from the earlier epochs. The host galaxy subtracts off 
almost perfectly and no SN signal is detected. To deter- 
mine a limiting magnitude for the SN flux in the three 
epochs, we added 6 fake stars, one at the supernova po- 
sition and five within a surrounding radius of 0.6 arcmin 
to each of the 200 — 350 days images. We ran this proce- 
dure multiple times with a range of fake star magnitudes 
and repeated image subtraction with hotpants. We de- 
termined 5<7 and 3er detection limits by requiring that we 
could visually detect a fake SN exactly at the position of 
SN 2010gx and that the measured standard deviation of 
the set of fake stars added was 0.2 and 0.3 magnitudes 
respectively. The resulting upper limits are in Table 1. 

The apparent magnitudes (SDSS AB system) of the 
host galaxy, SDSS J112546.72-084942.0, are g = 23.71 ± 
0.14, r = 22.98 ± 0.10, i = 22.90 ± 0.13 and z = 
22.98 ± 0.16. These were obtained from aperture pho- 
tometry (within IRAF/daophot) on the best seeing 
images, using a zero-point calibration achieved with 10 
SDSS reference stars. As deep, pre-explosion images of 
the host galaxy were not available, we compared our 
photometry results to both SDSS catalog magnitudes, 
and our own photometry performed on the SDSS im- 
ages. In the g— band, the SDSS catalog Pctrosian mag- 
nitude for the object is 22.8 ± 0.5, while we measure 
22.6 ±0.6 mag in the SDSS image. The large uncertainty 
is due to the marginal detection. Our deep Gemini im- 
age shows the host resolved from a fainter neighbouring 
galaxy (which is unresolved from the host in SDSS). If 
we use a large aperture on our Gemini g— band image, 
to include flux from the neighbouring galaxy then we ob- 
tain g = 23.29 ±0.16 mag. Within the uncertainties, the 
SDSS and Gemini magnitudes are similar and there is 
no hint that the +550 days Gemini images are brighter 
than the SDSS images and contain SN flux. 

Long slit spec troscopy of SN 2010g x was carried out 
on 5 June 2010 (|Pastorello et al.ll2010f) with the Gemini 
South Telescope + CMOS. The B600 grating (ID G5323) 
was used (1800s exposure) to obtain a spectral coverage 
in the observer frame of 4300 — 6400 A (henceforth re- 
ferred to as the "blue spectrum"). Although this spec- 
trum contains flux from SN 2010gx, we fitted a high or- 
der polynomial (order 15) through the SN continuum and 
subtracted off this contribution leaving a flat spectrum 
for which emission lines between 3500 — 6000 A could be 
measured. We could not measure the Ha line in this spec- 
trum as it was contaminated by a strong sky line and slit 
nodding was not employed. A second spectrum was ob- 
tained on 23 Dec. 2011 with GMOS at the Gemini North 
Telescope, using the R400 grating (ID G5305; 3 x 1800s 
exposures), to cover 5070 - 8500 A (henceforth referred 
to as the red spectrum). The use of an order-blocking 
filter (GG455) truncated the wavelength coverage in the 
blue. Dctrcnding of the data, such as bias-subtraction, 
was established using standard techniques within IRAF. 
For the red spectra, individual exposures were nodded 
along the slit, and we used two-dimensional image sub- 
traction to remove the sky background. The spectra were 
wavelength calibrated using daytime arcs (CuAr lamp) 
and flux calibrated with the spectrophotometric standard 
Feige 34. 

For both red and blue spectra, a 1.5" slit was used, 
yielding a resolution (as measured from narrow night sky 



lines) of ~ 6 A in the red, and ~ 4.5 A in the blue. The 
combined blue and red spectra provide spectral coverage 
between 4300 and 8500 A and the overlap region was used 
to ensure a uniform flux calibration. Three strong lines 
([OIII] A5007, [OIII] A4959, and H/3) lie within the over- 
lap region. We measured the line fluxes in both spectra 
and applied a linear scaling to bring the blue spectrum 
into agreement with the red. The line fluxes of these 
three lines agreed to within 3% after this rescaling. 

Line flux measurements were made after fitting a poly- 
nomial function to subtract the continuum, and Fig. 3 
shows the final combined spectrum of the host galaxy 
with this continuum subtracted. We fitted Gaussian 
line profiles within a custom built IDL environment, fix- 
ing the full-width-half-maximum (FWHM) of the mean 
of the three strong lines; 6.03 A and 4.45 A for the red 
and blue spectra respectively (see Table 2). We further 
normalized the spectrum and determined the equivalent 
width of each feature. The uncer tainty estimation is cal- 
culate d using the expression from lPerez-Montero &; Diazl 
(|2003f ) , derived from the equivalent width of the line and 
the rms of the continuum (also listed in Table 2). 

3. ANALYSIS 
3.1. 56 Ni mass estimation for SN 2010gx 

The fact that SN 2010gx was not detected after the 
host galaxy image subtraction at epochs between +226 
and +334 days allows us to determine an upper limit for 
the mass of 56 Ni ejected. This is somewhat uncertain 
as it relics on assuming that the gamma ray trapping in 
SN 2010gx behaves like in other Ic SNc in the nebular 
phase, and the late luminosity is directly proportional to 
the mass of 56 Co present at any epoch. 

We measured SN 2010gx fluxes at the effective rest 
wavelength of the ri— filters and used a luminosity dis- 
tance of 1114. 7Mpc (m u = 40.24). We determined 
the upper l imit of the luminositie s and compared with 
SN 1998bw ()Clocchiatti et al.ll20rl . a Ic SN with a high 
56 Ni mass, in Johnson V and Cousins R in the rest frame 
(see Fig. 2). The most interesting measurement is the 
i— band limit for SN 2010gx flux at +226 days, which is 
significantly below what we would expect if SN 1998bw 
were at this distance. If we take 0. 4 as the represen- 
tative 56 Ni mass for SN 1998bw dMcKenzie fc Schaeferi 
[l999tlSollerman et alJl20"OOHMaeda et al.ll2006t ). then the 
flux limit of SN 2010gx (0.8 that of SN 1998bw; Fig. 2), 
suggests an upper limit of about 0.3 Mq of 56 Ni ejected 
by SN 2010gx. 

3.2. Host galaxy metallicity and other properties 

We carried out an abundance analysis of the host 
galaxy based on the determination of the electron tem- 
per ature, and detection of the [OIII] A4363 auroral line 
(see iBresolin et al1l2009l for further details). Firstly, the 
emission line fluxes were reddening corrected using the 
ISeatonl (fl979h Milky Way law of A v = 3.17 X E(B - V). 
We assumed case B recombination which requires an in- 
trinsic line ratio of Ha/H/3 = 2.86 and H7/H/3 = 0.47 
at T e = 10 4 K (|Osterbrockl[T989T ). The observed ra- 
tio of Ha/H/3 = 3.88 yields an extinction coefficient 
c(H/3)= 0.48, which wc used to calculate reddening- 
corrected line fluxes. The observed line fluxes and errors 
arc listed in Table 2. 
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We confidently detected the [OIII] A4363 auroral line 
(S/N~ 6) in the CMOS spectrum (see Fig. 3), allowing 
us to estimate the electron temper ature and calcu l ate th e 
oxygen abundance directly. As in iBresolin et al.1 (|2009f ). 
we used a custom-written pyraf script based on the 
IRAF/nebula package. The direct method of estimat- 
ing oxygen abundances uses the ratio of the intensities of 
[OIII] A4959, A5007/[OIII] A4363 lines to determinate the 
electron temperature (T e ) in the ionized gas region. We 
find an oxygen abundance of 12 + log (O/H) = 7.46±0.10 
dex, remarkably low even for dwarf galax ies (see Fig. 3). 
Assu ming a solar value of 8.69 ±0.05 dex (jAsplund et al.l 
l2009f ). this implies that the host galaxy is 1.2 dex below 
solar abundance or just 0.06 Zq. 

The reddening-corrected, and z— corrected flux of Ha 
is 3.49 x 10 -16 (ergs -1 cm -2 ), from which we deter- 
mined the star formation rate (SFR) of the host to be 
0.41 M© year -1 from the calibration of lKennicuttl (|1998D : 
SFR (M Q ycar -1 ) = 7.9x 10 -42 L(Ha) (ergss -1 ). We 
also estimated the SFR from the [ Oil] A3727 line flux, 
which gives 0.36 ± 0.10 M year -1 j|Kennicutt]|1998l) and 
is consistent with Ha measurement. iBerger et alTpOll 
used [Oil] A3727 to estimate the SFR of the ultra- 
luminous PSl-12bam host, which at z = 1.566 has Ha 
shifted to the NIR. The agreement between the SFR esti- 
mates from [Oil] A3727 and Ha for the host of SN 2010gx 
supports [Oil] A3727 being reliable for these types of 
galaxies at higher redshift. We detected the galaxy ISM 
absorption of the Mg II AA2796 /2803A doublet in th e 
Gemini spectrum of 1 Apr. 2010 (jPastorello et al.ll2010D . 
The equivalent widths are 1.6±0.2and2.6±0.3A respec- 
tively, giving a ratio W2796/W2803 = 0.6. The strength 
of the line A2803 component is comparable with that 
seen toward GRB lines of site and somewhat higher than 
observed for PSl-12bam (jBerger et all [20121) . The fact 
that the line ratio is significantly smaller than 2 (the 
ratio of their oscillator strengths) suggests we are not 
on the linear regime, nor the square root regime on the 
curve of growth which prevents further use of the lines 
as physical diagnostics. Nevertheless the absorption line 
strengths are similar to PSl-12bam and GRB sightlincs. 
The line centroids give identical redshifts (z = 0.231) to 
the [OIII] emission lines (z = 0.230) detected in the same 
spectrum, giving reassurance that the Mg II absorption 
does arise in the host. 

The g— band absolute magnitude of the host galaxy is 



M a 



— 17.42±0.17 (adopting a Hubble constant of He 



72kms -1 Mpc -1 , fi M = 0.3, » A = 0-7, to obt ain the lu- 
minosity distance 1114.7 Mpc; iWrightl I2006D . applying 



the M ilky Way extinction of 0.13 (ISchlafiv fc Finkbeinei 
2011 1 ) ). a k-correction 0.27 ± 0.08 (jChilingarian et af 



2010D and a correction for internal dust extinction of 



~ 0.5 mag. The latter comes from the measured intrinsic 
Ha/H/3 ratio and assuming Ry = 3.16 (applicable for an 
LMC environment ; [PelfT^TI 

The observed photometric g — r, r — i colour 
terms were corrected for Milky Way extinction 
(jSchlaflv fc Finkbeinerl [2011D an d used to fit th e SED 
of a stellar population model (|Marastonl I2005D . We 
used the low-metallicity (Z^ 1/20 Z@) models, assum- 

7 This would be reduced by 0.05 m ag if we us ed a value suitable 
for an SMC environment; R v = 2.93 lPeill992l) . 



ing a Salpeter initial mass function with red horizontal 
branch morphology. The measured colours give reason- 
able agreement with a population model of age between 
20 to 30 Myr, and a stellar mass around 6.17 x 10 7 M Q . 
We also employed the M AGPHYS galaxy SED models 
of lda Cunha et all (j2008f l . Fig. 1 shows the observed SED 
and the redshifted MAGPHYS best-fit model spectrum 
: total stellar mass of 1.58 x 10 8 M Q and hence a specific 
star formation rate (sSFR) of 2.59 x 10 -9 year -1 . 

4. DISCUSSION AND CONCLUSION 

It has already been demonstrated that the peak lumi- 
nosity of super-lu minous SNe such as SN 2010gx can- 
not be due to 56 Ni (IPastorello et al.l l2010l: IQuimbv et all 
I20II [Chomiuk et al.l 12011 7" Chomiuk et al. illustrated 
that applying Arnett's rule (|Arnettl[l982[ ). results in an 
unphysical solution, with the mass of 56 Ni exceeding the 
total C+O ejecta mass. Our search for a luminous tail 
phase in SN 2010gx was not motivated by what powers 
the peak luminosity, rather it is to determine if there is 
any sign of radioactive 56 Co at this stage and any simi- 
larity to 56 Ni-rich Ic SNe such as SN 1998bw. The only 
robust conclusion we can draw is that there is unlikely to 
be any excessive mass of 56 Co above and beyond about 
0.3 Mq. At a similar phase, SN 2010gx is fainter than 
SN 1998bw as shown in Fig. 2. This limit on the late 
luminosit y will also allow restricti ons on the magnetar 
models of lKasen fc Bildstenl (|2010f ) when put in context 
with other super-luminous supernovae of similar types 
(Inserra et al. in prep). 

Our detection of the [OIII] A4363 auroral line gives 
confidence to our measurement of the remarkably low 
metallicity of 12 + log (O/H) = 7.46±0.10dex (0.06 Z Q ). 
In Fig. 3 we show a compilation of other dwarf galax- 
ies with the [OIII] A4363 direct method measur e ments , 
including four GRB hosts from iKewlev et~aTl (|2007h . 
The host of SN 2010gx is on the lower end and is 
amongst the lowest metallicity dwarf galaxies known. It 
has been clear from the early discoveries of thes e SNe 

1 12011 



at z < 1 (IPastorello et alJ 120101 : IQuimbv et alJ 
iChomiuk et al. | | 2011l). that th e hosts are faint dwarf 
galaxies and et al.l (|2011[ ) showed that they have 
high sSFRs. If the extremely low value we determine is 
a common factor amongst these SNe then it will be a 

major constraint on the progenitor ch annel. 

The magnetar scenario suggested bv lKasen fc Bildstenl 
(|201Ct ) to explain these SNe may benefit from low metal- 
licity progenitors. Massive stars rotate more rapidly at 
SMC metallicity (0.2 Z Q ) than solar (Hunter et al. 2008 
; Martayan et al. 2007), although 0.06 Z Q is unexplored 
territory. Evolutionary models of rotating stars have fo- 
cused attention on low metallicity en vironments as mass- 
loss is reduced llMokiem et al.l l2007|) hence an gular mo- 
mentum loss is lower |Maeder fc MevnetJl2000f ). The en- 
ergy input required from a magnetar requires the neu- 
tron star to be both highly magnetic (B ~ 10 14 G) and 
rotating rapidly at formation (Pj ~ 2 — 20 ms). It must 
also occur in a Wolf-Rayet or carbon-oxygen star, since 
there is no sign of h ydrogen in the sp ectra of SN 2010gx 
or any similar SNe. iGal-Yanl (|2012f l gives an estimated 
relative rate of the number of 2010gx-like SNe compared 
to the total core-collapse SN rate of 10 -4 . If the pro- 
genitor channel requires low metallicity (as we measure), 
high mass (to produce a WC star) and fast rotation (to 
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produce a rapidly rotating ma gnetar) then this ver y low 
rate may not be unexpected. lYoung et al.l (|2008[ ) esti- 
mate that ~1% of the star formation in the Local Uni- 
verse {z < 0.04) is in galaxies with Z < 0.2 Z & ; around 
13% of massive stars above the SN threshold of 8 M Q 
arc > 60 Mq (assuming a Salpcter IMF); and about 10% 
of O-stars in the SM C rotate faster than ^300 km s -1 
(jMokiem c t al. 2003). One can speculate that all of these 
three conditions are required to produce the rate of the 
2010gx-like SNe and the estimated rate (which is itself 
uncertain) would be qualitatively reproduced. The high- 
mass requirement could also be substituted for an in- 
teracting binary system which causes spin-up in the CO- 
core that collapses, sim ilar to t he proposed GRB systems 
(|Cantiello et al.l[200l . The IChevalier fc Irwinl (f2T)Tl 
scenario of interaction with a dense wind would prob- 
ably require extreme progenitor mass and pulsational 
mass-loss. The fact that we see Wolf-Rayet stars at very 



low m etallicity (e.g. in IZwl3 at 0.02 Zq) (|Brown et al.l 
|2002() could suggest that pulsational mass-loss is more 
prevalent at low metallicity This one measurement is 
intriguing new information on these extreme SNe but fur- 
ther measurements of the metallicity, star formation rate 
and volumetric rates of these supernovae are required to 
constrain their explosion channels further. 

ACKNOWLEDGMENTS 

S.J.S acknowledges support from the European Re- 
search Council in the form of an Advanced Grant. T.-W. 
Chen appreciates to Meng-Chung Tsai, Zheng Zheng and 
Kai-Lung Sun for valuable comments and Prof. Christy 
Tremonti, Dr. Elisabete da Cunha and Dr. Stephane 
Chariot for useful advice; thanks to all QUB SN group 
members for discussions. 

Facilities: Gemini North and South (CMOS) 



REFERENCES 



Amorin, R., Perez-Montcro, E., Vi'lchez, J. M., & Papaderos, P. 

2012, ApJ, 749, 185 
Arnett, W. D. 1982, ApJ, 253, 785 

Asplund, M., Grevesse, N., Sauval, A. J., & Scott, P. 2009, 

ARA&A, 47, 481 
Berg, D. A., Skillman, E. D., Marble, A. R., et al. 2012, ApJ, 754, 

98 

Berger, E., Chornock, R., Lunnan, R., et al. 2012, ApJ, 755, L29 
Blinnikov, S. I., & Sorokina, E. I. 2010, ArXiv e-prints 
Bresolin, F., Giercn, W., Kudritzki, R.-P., et al. 2009, ApJ, 700, 
309 

Brown, T. M., Heap, S. R., Hubeny, I., Lanz, T., & Lindler, D. 

2002, ApJ, 579, L75 
Cantiello, M., Yoon, S.-C, Langer, N., & Livio, M. 2007, A&A, 

465, L29 

Chevalier, R. A., & Irwin, C. M. 2011, ApJ, 729, L6 
Chilingarian, I. V., Melchior, A.-L., & Zolotukhin, I. Y. 2010, 

MNRAS, 405, 1409 
Chomiuk, L., Chornock, R., Soderberg, A. M., ct al. 2011, ApJ, 

743, 114 

Clocchiatti, A., Suntzeff, N. B., Covarrubias, R., & Candia, P. 

2011, AJ, 141, 163 
da Cunha, E., Chariot, S., & Elbaz, D. 2008, MNRAS, 388, 1595 
Gal- Yam, A. 2012, Science, 337, 927 

Gal- Yam, A., Mazzali, P., Ofek, E. O., et al. 2009, Nature, 462, 
624 

Guseva, N. G., Papaderos, P., Meyer, H. T., Izotov, Y. I., & 

Fricke, K. J. 2009, A&A, 505, 63 
Hoyos, C, Koo, D. C, Phillips, A. C, Willmer, C. N. A., & 

Guhathakurta, P. 2005, ApJ, 635, L21 
Kaiser, N., Burgett, W., Chambers, K., et al. 2010, in Society of 

Photo-Optical Instrumentation Engineers (SPIE) Conference 

Series, Vol. 7733, Society of Photo-Optical Instrumentation 

Engineers (SPIE) Conference Series 
Kasen, D., & Bildsten, L. 2010, ApJ, 717, 245 
Kennicutt, Jr., R. C. 1998, ARA&A, 36, 189 
Kennicutt, Jr., R. C, Bresolin, F., & Garnett, D. R. 2003, ApJ, 

591, 801 

Kewley, L. J., Brown, W. R., Geller, M. J., Kenyon, S. J., & 
Kurtz, M. J. 2007, AJ, 133, 882 



Kudritzki, R.-P., Urbaneja, M. A., Gazak, Z., ct al. 2012, ApJ, 
747, 15 

Lee, H., Skillman, E. D., Cannon, J. M., et al. 2006, ApJ, 647, 970 
Lee, J. C, Salzer, J. J., & Melbourne, J. 2004, ApJ, 616, 752 
Maeda, K., Nomoto, K., Mazzali, P. A., & Deng, J. 2006, ApJ, 
640, 854 

Maeder, A., & Meynet, G. 2000, ARA&A, 38, 143 
Maraston, C. 2005, MNRAS, 362, 799 

Martayan, C, Fremat, Y., Hubert, A.-M., et al. 2007, A&A, 462, 
683 

McKenzie, E. H., & Schaefer, B. E. 1999, PASP, 111, 964 
Modjaz, M., Kewley, L., Kirshner, R. P., et al. 2008, AJ, 135, 
1136 

Mokiem, M. R., de Koter, A., Vink, J. S., et al. 2007, A&A, 473, 
603 

Neill, J. D., Sullivan, M., Gal- Yam, A., ct al. 2011, ApJ, 727, 15 
Osterbrock, D. E. 1989, Astrophysics of gaseous nebulae and 

active galactic nuclei 
Pagel, B. E. J., Edmunds, M. G., Blackwell, D. E., Chun, M. S., 

& Smith, G. 1979, MNRAS, 189, 95 
Papaderos, P., Guseva, N. G., Izotov, Y. I., & Fricke, K. J. 2008, 

A&A, 491, 113 

Pastorello, A., Smartt, S. J., Botticella, M. T., et al. 2010, ApJ, 

724, L16 
Pei, Y. C. 1992, ApJ, 395, 130 

Perez-Montero, E., & Diaz, A. I. 2003, MNRAS, 346, 105 
Quimby, R. M., Kulkarni, S. R., Kasliwal, M. M., et al. 2011, 

Nature, 474, 487 
Rau, A., Kulkarni, S. R., Law, N. M., et al. 2009, PASP, 121, 1334 
Richer, M. G., & McCall, M. L. 1995, ApJ, 445, 642 
Schlafly, E. F., & Finkbeiner, D. P. 2011, ApJ, 737, 103 
Seaton, M. J. 1979, MNRAS, 187, 73P 

Skillman, E. D., Kennicutt, R. C, & Hodge, P. W. 1989, ApJ, 
347, 875 

Sollerman, J., Kozma, C, Fransson, C, et al. 2000, ApJ, 537, 
L127 

Wright, E. L. 2006, PASP, 118, 1711 

Young, D. R., Smartt, S. J., Mattila, S., et al. 2008, A&A, 489, 
359 

Young, D. R., Smartt, S. J., Valenti, S., et al. 2010, A&A, 512, 
A70 



SN 2010gx host 



■5 




Fig. 1. — Left : upper- Colour combined (gri) Gemini GMOS images of the host galaxy of SN 2010gx; middle- A fake SN 5<r detection in 
r-band after mage subtraction; bottom- A fake 3a detection. Right: Pho tometry of the host galaxy (red circle) with the best-fit (x 2 = 0.58) 
model galaxy SED (black line) from MAGPHYS Jda Cunha et al.ll2008ft , the blue line shows the same model without attenuation by dust. 
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Fig. 2. — The limiting luminosities of SN 2010gx compared with SN 1998bw jClocchiatti ct al. 2011]). At 226 days we have a flux limit 
of 0.8 that of SN 1998bw. 
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Fig. 3. — Upper: Spectrum of the host galaxy of SN 2010gx. The [OIII] A4363 A auroral line is shown in the inset. Bottom: Luminosity- 
mctallicity relationship for dwarf galaxies in the local Universe, showing the metallicity as measured using the direct (Te) method, and 
using data from the lit erature listed in the figure key. Grey lines are the boundary of normal galaxy mass-metallicity relation adapted from 
IKudritzki et al] II2012T ). where metallicities have been calculated using blue supergiants. 
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TABLE 1 

Observed photometry of SN 2010gx and its host galaxy. Data until 2010 Dec 30 are from Pastorello et al. (2010). The symbol "H" indicates host galaxy 

PHOTOMETRY. AND THE " >" EXPRESSES THE LIMITING MAGNITUDE OF THE SN (5<r). PHASE HAS BEEN CORRECTED FOR TIME DILATION, BASED ON THE SN EXPLOSION AT MJD 55282.51. 
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TABLE 2 

Main properties of the host galaxy of SN 2010gx. 



